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This paper examines and compares Cournot and Bertrand equilibria in
scenarios where the Intellectual Property Rights (IPR) of Northern firms are
not protected in the South within a differentiated duopoly with product
innovation. It is shown that (i) the welfare of the South and the North is
greater under Cournot competition than under Bertrand competition if the
goods are sufficiently undifferentiated. However, the welfare of those can
be higher under Bertrand competition than under Cournot competition if the
products are sufficiently differentiated for some values of the degree of
horizontal differentiation among the goods and the South’s share in world
consumption; (ii) Similarly, the world welfare is greater under Cournot
competition than under Bertrand competition if the goods are sufficiently not
differentiated. = However, the world welfare is higher under Bertrand
competition than under Cournot competition if the goods are sufficiently
differentiated, regardless of the South’s share in global consumption; and (iii)
in any case examined above, the efficiency of the product R&D process does
not affect such welfare comparisons under these different types of competition.

JEL Classification: F12, F13,L13, 032, O34
Keywords: bertrand competition, cournot competition, differentiated duopoly, intellectual

property rights, product innovation

" Professor, Department of International Trade, Kyonggi University, Suwon 16227, South Korea; Tel.: +82-31-249-
9437; Fax: +82-31-249-9401, E-mail: isyang@kyonggi.ac.kr.



112 llseok Yang

1. INTRODUCTION

As many theoretical papers on Intellectual Property Rights (IPR) have shown, in many
cases, the South finds it more beneficial to not protect the IPR of the Northern firm within
its borders, as opposed to protecting it. Hence, situations where the South does not
protect IPR are more commonly observed in reality. In this circumstance, we can
consider which competition between the Southern firm and the Northern firm would be
more beneficial for global welfare. The North-South trade model, which is used to
analyze various economic events occurring between developed and developing countries,
is suitable for addressing these issues.

A substantial body of literature has theoretically examined the effects of IPR protection
on innovation, welfare, and related economic outcomes within the North-South trade
framework. Most studies focus on how varying degrees of IPR protection influence
innovation incentives and welfare under different economic environments (Diwan and
Rodrik, 1991; Deardorff, 1992; Helpman, 1993; Zigi¢, 1998; Maskus, 2000; Zigi¢, 2000;
Eaton and Kortum, 1999; Lai and Qiu, 2003; Grossman and Lai, 2004; Kim and Lapan,
2008; Ivus, 2011; Saggi, 2013; Naghavi and Strozzi, 2017; Auriol, Biancini, and Paillacar,
2019). Related studies have extended the analysis to contexts involving licensing (Chin
and Grossman, 1990; Vishwasrao, 1994; Yang and Maskus, 2001; Yang and Maskus, 2009)
and foreign direct investment (Lai, 1998; Glass and Saggi, 2002; Glass and Wu, 2007;
Naghavi, 2007; Yang and Maskus, 2009; Leahy and Naghavi, 2010; Branstetter and Saggi,
2011; Tanaka and Iwaisako, 2014; Ghosh and Ishikawa, 2018; Ghosh, Morita, and
Nguyen, 2018). In addition, some studies have examined how trade liberalization
affects the South’s incentives to enforce IPR protection (Ghosh and Ishikawa, 2018;
Ghosh, Morita, and Nguyen, 2018). Furthermore, several papers have investigated the
effects of stronger IPR protection in the South on innovation, imitation, and welfare
within dynamic general equilibrium and product-cycle frameworks (Helpman, 1993; Lai,
1998; Yang and Maskus, 2001; Glass and Saggi, 2002; Branstetter and Saggi, 2011).

However, despite the abundance of research, studies analyzing and comparing the
impact of quantity and price competition between the Southern and Northern firms,
occurring in a context where the South does not protect the IPR of the Northern firm
within the South, and considering product R&D, which is more widespread globally than
process R&D, on the welfare of developed countries, developing countries, and world
welfare, are scarce.) The purpose of this paper is to investigate and compare Cournot
and Bertrand equilibria in scenarios where the IPR of Northern firms is not protected in
the South within a differentiated duopoly with product innovation.?)  To conduct this

D See Scherer and Ross (1990).

2 Ferrantino (1993) provided empirical evidence indicating substantial differences in international IPR policies
between developed and developing countries, and documented that Asian Newly Industrialized Countries
possess comparatively low levels of IPR protection.
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analysis, we draw upon the research conducted by Symeonidis (2003), who examined
Cournot and Bertrand equilibria in a differentiated duopoly with product R&D but did
not consider the IPR.  We develop a differentiated duopoly model where the IPR of
Northern firms is not protected in the South. We analyze and compare the welfare levels
in the South, North, and globally under both scenarios: one where a Northern firm and a
Southern firm compete on quantities and another where they compete on prices.

Here are some significant findings from our study: First, the welfare of the South and
the North is greater under Cournot competition than under Bertrand competition if the
goods are sufficiently undifferentiated. However, the welfare of those can be higher
under Bertrand competition than under Cournot competition if the products are
sufficiently differentiated for some values of the degree of horizontal differentiation
among the goods and the South’s share in world consumption. Second, similarly, the
world welfare is greater under Cournot competition than under Bertrand competition if
the goods are sufficiently not differentiated. However, the world welfare is higher under
Bertrand competition than under Cournot competition if the goods are sufficiently
differentiated, regardless of the South’s share in global consumption. Third, in any case
examined above, the efficiency of the product R&D process does not affect such welfare
comparisons under these different types of competition.

We present the paper as follows: In section 2, we introduce the fundamental model of
North-South trade in a differentiated duopoly with product innovation. In section 3 and
4, we derive the equilibrium outcomes in the absence of IPR protection for the Northern
firm in the South under Cournot competition and Bertrand competition, respectively.
section 5 compares the welfare of the South, the North, and the world obtained under
Cournot competition and Bertrand competition in the absence of IPR protection in the
South. Finally, section 6 provides our concluding remarks.

2. THE BASIC MODEL

We consider two countries which are the North and the South. Each country has one
imperfectly competitive firm that produces one type of a differentiated product which is
consumed by identical consumers in the two countries. The Northern (Southern) firm
is headquartered in the North (South) and owned by individuals residing there. The
Northern firm can improve its product quality by spending R&D expenditure, R. We
analyze a two-stage game. In the first stage, the Northern firm finalizes its product R&D
project, after which the Southern firm imitates if feasible.”> Subsequently, in the second
stage, the two firms participate in either Cournot or Bertrand competition. Product
quality is denoted by u, which is linked to either a physical attribute or a brand image.

3 A strand of the literature examines various economic issues within frameworks in which the Northern firm undertakes
process innovation and the Southern firm seeks costless imitation of the Northern technology. In this context, Yang
(2025) analyzes and compares Southern, Northern, and global welfare under alternative IPR regimes in the South.



114 llseok Yang

A firm’s investment in product R&D enhances the product’s quality, thereby increasing
the consumer's willingness to pay. However, this also incurs costs.

We assume that the population size in a globally integrated market is unity, and a
representative consumer has the following utility function:

X X, X .. .
U(x,.,xj,z)le.+x/.——’——'—7—’—]+z, i,j=mn,s and i # j. (D)
T u

u, u;

This enhanced version of the standard quadratic utility function, which incorporates
quality considerations, was proposed by Sutton (1997/1998) and has been utilized in the
analysis of product R&D.Y  x; (x;) and p;(p;) represent the quantity produced and the
price of firm i(j), respectively. The quality of x;(x;) is represented by u;(u;), and
money spent on outside goods is denoted by z =M —p;x; —p;x;, i,j=n,s and
i#j. We assume that consumers allocate a small fraction of their total income to the
goods, allowing us to disregard income effects on the industry.” The degree of
horizontal differentiation among the goods is quantified by the parameter y < (0,2).
The products become independent as the parameter approaches 0, while they become
perfect substitutes as the parameter approaches 2 when #;, =u;.
Maximizing utility subjectto z = M — p;x; — pjx;, i,j =n,s and i # j, leads to the
derivation of the inverse demand functions of the representative consumer for x;:

pjzl__zi__—.r iaj:nas and iij’ (2)

in the range of quantities where prices are positive. Direct demand functions can easily
be derived as

X = ui[z(l_pi)ui _7(1_pj)uj]
’ 4-7")

, I,j=n,s and i#j, (3)

in the range of prices where quantities are positive. Notice that x;(x;) decreases with
pi(p;) and increases with u;(u;). Furthermore, x;(x;) increases with p;(p;) and
decreases with u;(u;). Each firm incurs a constant marginal production cost, ¢ < 1.

The relationship between the Northern firm’s product quality u, and its R&D
expenditure R is represented by the following function:

4 For example, Symeonidis (1999;2000;2003).
3 It ensures that there is an interior solution to the utility maximization problem.
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u,=eR"™, (4)

where & represents the efficiency of the R&D process and is positive. This parameter
is specific to the industry and determined exogenously by technology. Equation (4)
demonstrates diminishing returns to R&D. This assumption is essential to ensure that
the R&D stage attains an interior maximum.

We assume that at each price, a constant portion of 1/6 of the demand originates from
the South market, where @ e[l,0]. This implies that, at any equilibrium price, the
South will capture a fraction of 1/6 of the total world consumer surplus. As consumer

2 s
surplus can be defined as CS = (xl- + x; —z— - yi—tz—j) —DiX; — PjXj, L,j =N,

and i+ j, the corresponding equations for consumer surplus in the North and South can
be defined as

1 0-1
CS =|1——|CS=| — |CS
" ( 0) (9) ’ ©)

1
CS, =—CS. 6
=5 ©)

The following two sections will calculate the symmetrical subgame-perfect equilibria
in pure strategies in the two-stage game. These equilibria will be determined initially
for Cournot competition and subsequently for Bertrand competition under no protection
of IPR.

3. COURNOT COMPETITION UNDER NO PROTECTION OF IPR

We initially examine the scenario where the Northern firm completes its product R&D
project, followed by imitation by the Southern firm in the first stage, and subsequent
Cournot competition between the two firms in the second stage. Then the market structure

is a symmetric duopoly with u,, = ug = eRY/ % where u, is the Southern firm’s
product quality. In the second stage, the Northern firm maximizes m,, = (p, — ¢)x, —

R = (1 — Zuizn — ulf — C) x, — R with respect to X, given its R&D expenditure. The
n n “s

best response function for the Northern firm is as follows:
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x = un [(l_c)unuv _7/xs] .6)
! 4u

(7)

The Southern firm maximizes 7, =(p, —c)x, = (1 -l cj x, with respect to

Xs, given the Northen firm’s R&D expenditure. The best response function for the
Southern firm is as follows:

x = us [(l_c)usun _7/)(:”] .7)

. 4 (8)

By solving the system defined by the two best response functions, we derive the
following equilibrium output levels:

1 _ 2
P G ©)
4+y
Utilizing these quantities, we can calculate the subsequent equilibrium price levels:
2(1-c¢)
D, =p,=c+ (10)
44y

Plugging equations (9), (10),and U, =u, = eR"™ into T,= ( D, —C) X, —R results in the
profit function of the Northern firm as represented in the context of R&D expenditure:

201_ 2 pl2
:28(1 ¢)'R _R

7.(R) 2 (11)
4+7)
2
© The Northern firm’s second-order condition is satisfied: a@ Tw _ _ 42 <0.
x)’l u)’l
2
7) The Southern firm’s second-order condition is satisfied: o'z, =— i <0.

ox u

K
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In the first stage, the Northern firm selects R to maximize its profit. Then, the first-
order condition for profit maximization by the Northern firm results in the following
equilibrium level of R&D expenditure:

c _ 54(1_0)4

, 12
@17 (12

where the superscript C denotes the equilibrium under Cournot competition.) By using
equation (12), we can compute the following: levels of product quality, output, and price;
profits for each firm; consumer surplus in each country; social welfare in each country,
defined as the total of consumer surplus and profits within each country; and world
welfare, defined as the sum of social welfare in the North and the South in equilibrium
under Cournot competition.

u, =u; = 41y (13)
LA Gl (14)
(4+7)
C_ C_ 2(1-0)

pn _ps + 4+}/ ) (15)

7 :‘94(1_‘034’ (16)
(4+7)

2C :M (17)
(4+7)

CSnc:(1_1JCS:e“(e—ua—c):(zw), (8)

6(4+7)

o'z, & (-c¢)

8 The Northern firm’s second-order condition is satisfied: =— <
OR? 2(4+y)’ R
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Cs¢ =L £029°C+y) (19)
e 0(4+y)

WC — 54(1_0)4[9+(0_1)(2+7/)] (20)
" 0(4+y)*

e - g'1-c)'2+y+20) o
* 0(4+y)*

QC:W’1c+WC:54(1_C)4(5+7). (22)

! (4+)

4. BERTRAND COMPETITION UNDER NO PROTECTION OF IPR

Subsequently, we explore the scenario where the Northern firm completes its product
R&D project, followed by imitation by the Southern firm in the first stage, and subsequent
engagement in Bertrand competition between the two firms in the second stage.
Then the market structure is again a symmetric duopoly with U, = ug; = &R /4
In the second stage, the Northern firm maximizes 1w, = (p,—c)x,

{un [2(1—pn)un—y(1—DPs)Us]

pa— } — R with respectto p,, given its R&D expenditure. The best

response function for the Northern firm is as follows:

p :2(1+c)un_7/(1_ps)u9 9)

23
! 4 (23)

us[2(1-ps)us _Y(l_pn)un]}

The Southern firm maximizes w3 = (ps — c)xs = (pg — c){ =

with respect to pg, given the Northen firm’s R&D expenditure. The best response
function for the Southern firm is as follows:

2 2
9 The Northern firm’s second-order condition is satisfied: M =_ au,

5 <0.
op, 4-y

2
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p :2(1+C)us_7/(l_pn)un 10)

: 24
s ™ (24)

By solving the system comprising the two best response functions, we obtain the
following equilibrium price levels:

2—y)l—-c
P,ZZPSZH( =) 25)
4-y
Using these prices, we can compute the subsequent equilibrium output levels:
2(1-c)u’
X =X = (=, (26)

Qe p)d-y)

Substituting equations (25), (26), and U, = Ug = €R /% into T, = (Pn — C)xp — R
yields the profit function of the Northern firm expressed in terms of R&D expenditure:

2672=y)1-c)’R"” R
(4-7)Q2+7)

7, (R) = (27)

In the first stage, the Northern firm determines R to maximize its profit. Subsequently,
the first-order condition for profit maximization by the Northern firm leads to the
following equilibrium level of R&D expenditure:

oo £ 0=0)' 2=y

: 28
4=-7'C+y) e

where the superscript B denotes the equilibrium under Bertrand competition.!)  Using
equation (28), we can calculate the following in equilibrium under Bertrand competition:

2 2
19) The Southern firm’s second-order condition is satisfied: oz, =_ du,
op; 4-y°
o’n g2(1-¢)’2-y)
d: R 4
OR* 2(2-%;/)(4—;/)2R3/2

<0.

1) The Northern firm’s second-order condition is satisfie
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levels of product quality, output, and price; profits for each firm; consumer surplus in
each country; social welfare in each country; and world welfare.

B 3252(1_0)(2_7/)1/2

u, =u , (29)
T (Gep2en”

xB:xB:254(1_C)3(2_7) (30)
T @Gy

zfﬂfmﬁgﬁ%;g, 31)

i :54(1_0)4(2_7)2 (32)
S CE SN AT

78 = 254(1_0)4(2_7)2 (33)
T @-nteryy

CSB:(1_leS:4(9_1)84(1_0)4(2_7) (34)

' 0 0(4-7)'2+y)
CSSB:lCS:4g4(1_C)4(2_7)’ (35)
0 0(4-n)'Q2+y)
o £ 0= Q= PI(6-7)0-4] 6

! 0(4-y)'2+y) ’

254(1—c)4(2—7/)(2—7/+2j
W= 9 (37)
4-7)Q2+y)

QF —WB 4 w? = 54(1_0)4(2_7)(10_37)

38
T Gy G%)
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5. WELFARE COMPARISONS

We are now prepared to compare the welfare levels in each country and globally under
quantity and price competition, while acknowledging the absence of IPR protection for
the Northern firm in the South. We commence our analysis with the South. When we
examine the sign of W2 — W, using Eqs.(37) and (21), we have two findings. First,
for 1.3 <y < 2, it is negative for all 6 € [1,o]. Second, for 0 <y < 1.2, as y is
higher, the critical value of 6 is lower for it to be positive. These results are
summarized in the following proposition.

Proposition 1  When two goods are close substitutes, for 1.3 <y < 2, the South
achieves higher national welfare when Cournot competition occurs compared to when
Bertrand competition occurs, regardless of its share in global consumption. Moreover,
for 0 <y < 1.2, as the goods are less differentiated, the critical value of 6 falls for the
South to attain greater national welfare when Bertrand competition occurs compared to
when Cournot competition occurs.

We move to compare levels of welfare in the North and thus investigate the sign of
W,B — W,E, using Eqgs.(36) and (20). We find three discoveries. First, for 1.5 <y <
2, it is negative for all 8 € [1,]. Second, for y = 1.4, it is negative only if the value
of 6 is not very large. Third, for 0 <y < 1.3, it is positive when the value of 6 is
not small. The findings are encapsulated in the following proposition.

Proposition 2 When two products are close substitutes, for 1.5 <y < 2, the North
achieves higher national welfare when Cournot competition occurs compared to when
Bertrand competition occurs, irrespective of the South’s share in global consumption.
However, for 0 <y < 1.3, the North attains greater national welfare when Bertrand
competition occurs compared to when Cournot competition occurs if the South s share in
world consumption is not large.

Finally, we compare levels of world welfare. When we check the sign of 028 — ¢,
using Eqgs.(38) and (22), two findings have emerged. First, for 1 <y < 2, itis negative
for all 6 € [1,«]. Second, for 0 <y <1, it is positive for all 8 € [1,0]. The
outcomes are delineated in the following proposition.

Proposition 3  When the goods are sufficiently not differentiated, for 1 <y < 2, the
world welfare is higher when Cournot competition occurs compared to when Bertrand
competition occurs, without regard to the South s share in global consumption. However,
when the products are sufficiently differentiated, for 0 <y < 1, the world welfare is
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higher when Bertrand competition occurs compared to when Cournot competition occurs,
with no regard to the South's share in world consumption.

Propositions 1, 2, and 3 can be elucidated in the following manner: When IPR
protection for the Northern firm is not enforced in the South and the Southern firm
imitates the Northern firm’s product quality, the welfare of both the South and the North
is greater under Cournot competition than under Bertrand competition if the goods are
sufficiently undifferentiated. In contrast, if the products are sufficiently differentiated
for some values of the degree of horizontal differentiation among the goods and the
South’s share in world consumption, the welfare of both regions may be higher under
Bertrand competition than under Cournot competition. Similarly, world welfare is
greater under Cournot competition than under Bertrand competition if the goods are not
sufficiently differentiated, regardless of the South’s share in global consumption.
However, world welfare is higher under Bertrand competition than under Cournot
competition if the goods are sufficiently differentiated, irrespective of the South’s share
in global consumption. And in any case examined above, it is noteworthy that the
efficiency of the product R&D process does not affect such welfare comparisons under
these different types of competition.

6. CONCLUDING REMARKS

We have examined and contrasted the effects of the two distinct forms of competition
between Southern and Northern firms within a context where the South does not protect
the IPR of the Northern firm, while also taking into account product R&D, on the welfare
of developed countries, developing countries, and global welfare. Based on the
conclusions drawn, we find that the degree of horizontal differentiation between goods
emerges as the most significant factor when comparing the welfare of the South, the North,
and global welfare in this scenario. Moreover, we observe that neither the South’s share
in global consumption nor the efficiency of the product R&D process affects the
comparison of world welfare under these different types of competition. Instead, world
welfare is solely influenced by the degree of horizontal differentiation between goods.

These results suggest that, when evaluating the effects of competition policy in a
situation where the Northern firm’s IPR is not protected in the South, the degree of
horizontal differentiation between products becomes a key determinant of policy
decisions. Specifically, when goods are sufficiently homogeneous, Cournot competition
may be more desirable from the perspective of world welfare, whereas Bertrand
competition may be more efficient when products are sufficiently differentiated.
Therefore, policymakers should place greater emphasis on the structure of product
differentiation and the characteristics of market competition within an industry, rather
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than focusing solely on market size or consumption shares. Furthermore, the finding
that the comparison of world welfare is unaffected by either the South’s share in world
consumption or the efficiency of product R&D implies that the effects of international
IPR and competition policies may depend more on product characteristics than on market
size, suggesting that the degree of product differentiation should serve as an important
criterion in determining competition regimes and evaluating welfare in discussions of
international trade and technology policy. Moreover, this study demonstrates that even
in situations where developing countries imitate the technology or product quality of
Northern firms, the effects on world welfare may differ depending on the form of
competition, implying that not only the existence of IPR protection itself, but also the
type of competitive environment that emerges, plays a crucial role in determining
international welfare outcomes. Accordingly, in the context of international conflicts
over IPR protection, policy discussions should not focus solely on whether IPR protection
should be strengthened, but should also take into account the industry’s competitive
structure and the degree of product differentiation when designing policy measures.

This paper adopts a rather strong assumption that, in the absence of IPR protection in
the South, the Southern firm can perfectly imitate the product quality developed by the
Northern firm. In reality, however, even under weak IPR enforcement, imitation is often
subject to adaptation costs, learning constraints, time lags, and quality gaps. Therefore,
the results of this paper should not be interpreted as being directly applicable to all real-
world IPR environments, but rather as benchmark/reference results for understanding the
effects of different competition regimes in situations where IPR protection is extremely
weak or effectively absent. Moreover, the findings of this study cannot be readily
generalized to more general North-South IPR frameworks in which the level of IPR
protection or the intensity of imitation is determined endogenously. For example, in a
more general framework, welfare outcomes may depend on the interaction among the
Northern firm’s incentives for R&D investment, the Southern government’s choice of IPR
policy, imitation costs, and the degree of technology diffusion. Accordingly, the results
derived in this paper should be understood as a benchmark analysis emphasizing the role
of competition modes and product differentiation, and future research should extend the
analysis to more realistic environments incorporating partial IPR protection, imperfect
imitation, or endogenous IPR policy choices.

This paper could be further elaborated in several ways. First, there is a need to
analyze asymmetric cases where the IPR of the Northern firm is protected in the South.
While the model used in this paper has limitations that apply only to symmetric cases,
employing a model that can analyze asymmetric cases would enable extensive research
on various topics related to IPR, such as licensing. Second, although this paper
considers the absence of IPR protection in the South exogenously, one may consider a
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model in which the Southern government chooses IPR protection endogenously. In that
case, by identifying the logical connection between competition regime choice and IPR
enforcement choice, we would be able to understand the link between international
conflict over IPR enforcement and competition regime choice. These topics are
reserved for future research endeavors.
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APPENDIX

Figure1 W25 — W¢ in the Range of ¥ € (0,2) and 6 € [1,100]
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Figure 3 0278 — Q¢ in the Range of y € (0,2) and 0 € [1,100]
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